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^^jLl Sj^LUI i-JjjJLl 4-tlLjJI J^lj_^=JI J_AjkGJ ^/f fltl C-xJjJuJIj ^lUI ^JLft^J 4-^LaJI 4-LrjH-uJ-ll (^JU-UJ 

CjL^^jjJJ Z-st-fa aL<CLaVI I Jl-A ^jLj^ c J-^jlJI l_3j_<-u ^_ 3j^j_lll 4_iig.Uj i-iIiJIj 4_i1SjJI lJljLIojJI J-t-tTo 
0j>jlj_4 (^-jlC Lpt^ Jl^jju J aL^jLLa (J-^J -*W^i J^^ 4 ^^-^ ^_ u^ut^aj (^a-!t £)-^J-^ '^JLA 3_iU3 (jJl! ^j-a 3 JuJu-oJ! 
^jj-ju J LgajJ t (^j^JjJ! aJl2jJ! 4-L^C f-^-* ^- L^Jua jlj^Tu-o z 1 (J^l ^)-a (jLs->Vlj ^IaJu ^JL-tJLl 4_)LuI/ 3^j3 (^^iC-J 

. L^LLl^ ^LajiZitl JjjJI us\ ts>\ JLstj edit 

4-4 J SjJL) 4— JjJu! C-JjLsdLJl *_4 (3-dJJ ^^W^i 2jJai. ^l-ALL1| j^j_LaJj ^ j a LgajJ 4-4 uu I 3jl_iVI d< La^» ^J 
4jLl^jl^j>iJ 4 bL^3Lj (J_4Jl]| (JJ-^ oLJLLalLc ^-^dL>iJ 4-jjJl>* 4_l<^[c LoiiLLul (3-^J 4 ^riJ^^' ft^Lhr' ^ ♦ ^r 
3j*_^=djJI J^C-^ i$^\ 4-uIojJI 4-tl^.U j^LjlXI ^Ijl-C.} pjj^iua ^_ 3j_UJk]| ^Jlj* O-llLcJ JlJ^J < ^ 3l AtalLa (^^-ji^-J 
L-3j_<-U (JAa-i 4 J f^» <^"»0 (jL>«i (Jj^^-I tliJ (^^iC L^L^J ^_ J^JUlXI Jl<£*J ij i 4-xjjjJlLJI ^-aljJI ^.Lb ^_ <LlluLo2| 
(^JlJI ^^JUaJI J-^lj-JI £-* 4_1*JL*JI 4-JJjJI (3-^ljIu ^L_pO (^1^-11 C-xJjJuJIj ^liJI ^JLft^] 4-aL«JI 4-LrjH-uJ-llj J^jlJI 
j i^-i) ^ujjJl-J ^aLj^-jJ 4JLcL^3lLc 3^ ka L 4-jL^Jj! ^_ ^jl aeJul 0Jl_& ^-j^tTu 4 J— 4Jul (JJ— <-" c — " J«k*a 4— i-ojJij 

. 4-4_<_uL_u2l 4jI ALalLa J^_iIL>iJ ^_ 4-ljlSIj jIl^dij 4 (J-<^«Jl ^J-*-^ l^Ll^jJ! 

. ^j^a r^Vltl I JuJ 4-aj^LJI CjIjL^JLI C-jL-uI^dI 4-lo-^d JjLuj 4J^-p^ CjLc j-iiaj-a 4-x^.ljjJI 4-iLaJI 

j*c 4JD1 ^j_a (J-^^ ^^hfdD^^' 4 JJ^^' ^^^ ^4^ cA? ^-jusj ^-^j ^l-AuJl! j^j-Lajj ^ j <i ( ^aj J 4-4uul 3j!^Vlj 
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LjjJoj jJLs 4 l_jVL_>_U *__l$_>. _i_ J_^>L>JI aJl-SjJIj 4JuJl>JI Sjl r^^JI ju/L-ul <_j--- c-cJIjLaj cl<_jL^d a u7TA\ 
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. ^Lugp-=-JVI Sj^^VI ^jj-=JI JLL___f <^Liu_=lj 
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$ J^-II 

4__-IjJ ^j-A 4JJI ILuup 4-5Lgllj| J-Ljl2 S^UI ^JLj-1 C-JjJuJLl 4-_JjJ _f_ jo^nl Jlj-caJl I Jl& (jr ic 4jL>*VIj 
JLL___VI L__L^ja_=}j (J_jLa}_ aj $y] Jl L-aC 1 L__ L_iu_=}j i_L_x_o ^^-Lc Ij-^-J- (JJ-£=J e_bj__y S^UI 0jufc jLlI^Ij 
(J_jL_JJ_ 3 J j"^l JLL__L! L__l-_ia_=jj ^L_~__J C-JjJljJLI ^J-2j (Jl J_-b 3_il_tl 0jL_- (j_A (^-—^L-jVI L__J_-jLj_ ^LjJLjJ 

4 Power Supply SjJl__1I jJlj-__a jL^ : ^-JLill SJ-^^VI ^>jl_- ^j 4-ujp-=-JVI 3j^>*VI JLL___f L__Liu_=}j 
jq-lxIjjI ay c Function Generator JIjJlJI jJj^ jl $y c Millimeter ( j_*lj_x,Vl ^JljlLs ^j^Ll-JI jl ^. 
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:4-lJLjJI ^.Ij^^I Cx^Jju Jl^ ^jj^=lJ SJl^jJI &JJb J o^-il Laju£. 
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4_ijjjJuJI 4_u-Sj>JI 0jLjfc 1 Jl_lj e_3j_<-u <JJL!jlJ L^cJlX. ^j_4 Bj^jI JlJI ^_ 3^j-^j-tl ^—LJj^IL^aJVI jw^LutJI 4-p^^Lx-^ 
c^j— <-u ^j_ Jl (JJ—&J jjp-ujijjj IjIlI I jLtlo* V <Jj— ^ dJLj-Aj i-xjj^IL^aJ V I j^jIjJlJI u- Lcj I2_ Lai jLJtT(-f-ol j IL^jVI 

4 4 4 4 4 (3^J-^ ^Lj 4-U-Sj>Jl 0jL& ^J-^ 5-jLu-^JI (3dL>^ I J-±iIj 







^-Uj^l^aJVI jo^LulJI Ui^ajJ j tils !§_ i>3jusfclL-Jll CjIj_^I Vj? 4-jLj-^JI ^yt^ (*^*!(J 6' ' ^^ (*-6-^ L>* 
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oljjVI C-JLcL J_aL^d cLl-Jj LaUj L<JLa 4-jL.j-^JI ^yL^ <jj ^J (j? j_jfc 4_(_uljjJI 0jL_& ^j-A (jr -(-uL-u^l C^Jl-jJIj 
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dJLJjj i-XJj^IL^aJ V I Sj*jI JlJI ^j_4 4-^IjJwJ jl 4^=l3 -*|>XI j t^aJutJlj 4-x-^L>Jl aL^JLJI 4-Sl^JLc ^Lse-LuTu <Jb .Z 

ciJUL^auqj tiJuj jJlju S2c j 4j>^!jj?cIL<-u! ^j_j <_2— ^ J LgaJuul eialjJol f-J-*^* ct^- 4-^L-aJI ^ J Jl£J .4 

JJ1 4_JLU1 SbVl f IjlSbI^J 
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Resistors , Kinds And testing : UjLu^t 3>J*J l4*\£\ * uUjUJI : ^Lxll J^aiJI 




















: (jjJLUI J^-i MitL 4^e_x^jJLl i*jLm o-"L^ Lj-*j^ 3^ 
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? Capacitors uUKtl: i^Lfrl^l 

l_3j_<-uj CjI <£x£=z t, 1 ptj-Ji ^j a j>-p ^-"^ 11 ciJLJjkj Sj^tiilLtl CJljLpJI j^-Jj^jj 3j*^L<-tJu OljLpJI j^j^j aJlc 4-JL^. 
^-i^. SjJlJLIi c-jjJl11I (^j^-jj^. <^J-5 ^.Jlujjj ^^— i J LAjLilow! 4-iiLi^D Luajlj Lgj^ljjb ^J^J'^J ' 4 < ^ * J ^yi (jj *aj * 

c-^>.jJlI ^j^>JI c_jjji^tl (jtC.Ij.j ^jf juV SjjUntI j^i pjiit I jl^ 4JL>. 4-i 10 JLxF ^ (jr k-^ o^ 3 ^ 
(JL^= » mJ (jia 3u ^JL L<m^ tiU (jloj-jtj l^j-ujl^ cj! ^i^tlXI plj-ii lt^- MJ^-^' lSj^j^- ^--^j^ O' ^^ o*\ 

. ( M^-iU jL. Lir w| <_La-i^D 4^jjla L-JjjLltl ^j^j^X. * J U" f uJ ^j) I Jl>* ^-11 (j-^ (J^^J 
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Diodes : ulJb^JI t gljJI cMll 

Jlj^jJLL^ 4 1 ^r 4-2j^U (^-^- (J^^J 4-^.t-u I J CjLxJj^IL^aJVI ^_ 4_<_a-XJjJlj 4 ofltl jwI^LulJI £)_4 j_j* Jl^J-11 

^j-tuJ I Jl-Aj j^ 21 ^L>iJ z! ^_ 4-jlJLcjj ^L>ij} ^_ jLpJI jjjw^j 9r_^_ujj 4-j} (£) uL^lj ^L>o! ^- jLp-5' ^4P^J-^ c*J^ 

^_<^jJl jTu-<Ct.m £)-4 (J-^3 J^JjJo ^c Jl^jJLI jLtlowj *ulajl^=d j_& J^jtla 4_<-uj Ju c-bj-i-uLa ^j-^=Jj ci.La^. Ju Jl>Ju 







.jJLi *— l&j ^u_j l_J_& 



: ji^jJLl jLlo^} Sj^Ij : L^l^ 
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. jl^jJLI (j-ojL ^j-u-Jj jJwVI jl^jJl! 3^.Ll^} *uj j^^H ^L>oVI 
: ^-^jJ 1 j T t- t^l i X 1 (3^>ls ^c jl^jJJ jLlo^J 4-Sjj-L liJLj 
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: (^Jb LglJ 1 jTudCtll I (jy»>k &£- Jl^jJII j LiLf wj SJL^Id La^J 
: Sj^l jJI (J^l-i 5-JUjlJI ^jlA Jlj^j^ i-iiLx^D Tc-ti^^j 4-JLjJI jjjl^JIj 
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: Thirstors and Triac ^Lj>1Ijj^Iw>jU1I t^Ull J^aII 
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(j I <-r^>^ •• J^4^ r\3^ ^r-J^ 4-J^t (^ •• <^1j^Ij^ Jj?e-<-uj 11 .. j .. SJlcL2JI ^^j^U (j-u <j-oj3- 
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j—i^IJjlJI £)_4 ^Jl-C Jl^M /<uJ (J— ^J 4_Cj_lU-4 4-J>wjJ ^ lr 4-OjLcoil 3j*j| JlJI J— <^AJ *u3 C-JjjL.lt I ^j-J^C (J^slj 
3Jlj>*j c^-^J jwL^Luti] jLilow} ^)-^ 4jJl^1 La 3jJ L^lLLc {jj^"^~ l_3j_<-u (^JiJ ijjuJ! 3Jl>*jJu J-2IUJJ c-jjJuJL! 
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: 4-JLjJI ^.Ij^Vl Cx^Jju Ju3 ^jj^=lj 3 Jl^jJI 0Jl& J ^^=3U LaJu£. 
. 3j Jl2j! jJll^3^ M $y- (jjJuuil (J^. 3j Jl2jI . 1 

. Lu>2j J-UjlJI L^ *u ^pJI 5JL>.jJlI JuJu>o .4 

4-dJlC. £yi d U2^ZJ& ^Uj (^JlJI J L^JLJti) 4-p^^Lx^ cJsLIjlI^sJ .D 

. JLLaJI j.u*1*3\ JjJlu .6 

. 3j JlSJI J JU-^3 jL^J>J iJLcL^D £jLu^> . / 

J^u-u La £jlv>* c_jj alii ^LSjI x ujiklt f toVl ^luiba 

kL 33 : LU)dIU^>m^^l 

iiJlj 3j jlS jj^4 Sj^f * Silrl dill JjLwjJI 
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Power Supply djJlAlljJL^j^?' 

: 3Ud£* 

^J-L-i^Laj 4_<_u!j_i 4 j ^ ^T f— ^2 LlA (j-4j 1 ^^LL>iJ (^a-Jl ^j-^>JLj jL^>J| ^.Ij^I f-£^* ^-^-LSJ^ A J^J ' ^-^j-^J 4JL>*l_i 

. Sj^-^^l ^-Ij^l ^f-^* 4jJljlL) aj_2j 4j2 A-xjj^IL^aJ V I j^ljjJI ^j-4 rt-^-tl £J^>«-fl I <^& 

4_JL». iL-j Lt}-*^ d-*^ L-6^ 3 d-^ 3 A J-^ cP-^J * o^U j-^LulJI ^j_^ ^Jlc ^j^s (*-6-K O*^' ' t - ju * ULD^^JL? 

(J-^£. 4-jJt &-$£ £)-4 C-ti^3ucj I jj c-jjJuJLI ^jj*j*c ^JuJuj 4ILLl1oj JlS a j iJ3j-ui3 L^la £j^>* ^- J^^ (^) CjjJl>. 

AjustlLcuJ ^j) £)_4 dU Jlj^L^ 4 rth^eJll ^Ujj^L^aJ VI 3j^j>* 2 I jLtHiwJ 4JL*. ^_ 4-j| c-JjJlL1I ^j^j^C. *JL*j £)) c-c>iJj 
c^j-ujl^ <JJuJlJj 4 cQjLljl^ -iljJLl jL^>iil ^j-a 3 aJuitXl (Jj^ljJll ijj^cIL) aj-Sj <jl * jlaj < uJ ^-^=J ^ JT J * ' ^ A 
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: 5j-UJI jJLa* jL^aJ ^jJLm Mm 

( U U Z*. t i j 3jJl_2JI jJ <^a jL_^>J ^^jJlLx^ oa Lajg&XJ c-jLl]! I Jl_& 4-j! Ju ^_ 4-Ll! 4Ju_ljuqj 1 Jl_u c_3j_<-u 

3jj i^i) ^-j^JkJI jL^IsLj ^J-SjJ i^«-^ 4_a_ilaj L^la J_^=J i-uj^IL^aJVI j^IjJlJI ^a ^JlC ^C 3jLlC ^jj m^JI 

Lka_Laie-4 ^_ £)) Ljj nil Jj^Lc ^.Lb L-J-iji J-J (JL^-t> ^Jju-uu ^Jjl^ L^ILLlIoj < a < n j JjjJiJu^ ^_ L^jla-oj (^-^J ^^^-^ 

. LL& 4jju2J e_3j_<-u Lc LLa-xjtiaJu I Jl&j Lfc^t^j L^jjJj cJi^tUJI -iJLCj ^jjvjJLI 

t djUULaJul JUU L<M^ Jj^ L^J ) L-3j_<-Uj Sj Jl2j! jJ m^ JL^J>J ^jSjJ M^tl < Hn V U 7C_A-OJJ ^JUJI (J*^ Mill 




<j 2lj cJjJlL>iJ z 4JL*.jJU ^j_^=Jj ^hf-^- J' SCR Cj|jjp-t-uj>ju I tiaj) aJl?cIL<-uj Jl^ ji Diodes Cj! Jl>*j-4 Ajiitlu-aJ 

. (J^ljJU 0Jl& CJU^Ibs^j (jL^.1 (J^V (J j cga^Iu ^J-Sj l_3j_<-u 



28 













: SjJLiJI j-Ua4 jL#- J*£ JH>* 

. Jl^>JI ^j^^ SJU-j^a : ^ j VI SJU-jJU 
: (_^-^j aL-clSi 3 Jlc ^J| ^-<-4jl2Jj <_p-5>j -i-ip-ll Jl^j>J! Cjz^sjh 4JL*.jJu 0Jl& ^_ AjLJtTu.ujj 

. (Jj-aJI CjVjj?c-4 . 1 

: Cj zjj>JLI 0Jl& CjLqI jLJtTn-ol (^^ic 4jIL<32I (j^aju £.LLa£j ^Uj e_3j_<-uj 
^^LJkJI ^— lisj^U aLj (Jj-c ^J} ?7LIL>tJ (jp^\ Zj (3>VI £— ^ S^Lc AjiifclLujtjj : Jij^jlJI CjVj_j?s^ . 1 
<jj ^-£>- CjL^dj^>JLI (J-JLJjlLj ^j-Sj (^p-J) Sj^j^VI L^jJLLci £j— a j Jl_£j>JI jjL-^a-^a ^j_c 3j*jI JlJu 
Jl3 A-4_<-a^3LC. ifc^lj 4jJlju LjJ (J^^lJ Ju3 L&jjJu (^tJlj (^Oll CjLiLa ^^JLc ^jIL>iJ CjL^dj^>JLI 
4 (Jj^jlJI CjVj^?c-4 4 U f a\jj 4-ajL<_a]| j*j(jJlJI ^j_C LJj^ ^- ^ U^tJ aj_2H3 j*j I jJlJ I l^^LjL-J f*J-^ 

: ^JuJl J^3LulJl ^_ I ^ <: -—» ^J5CJ>J| 6JUL\.U2> (JJ^3lJ La S^LCJ 




^j^>. J I rli^o eP-Jlj jUliJI 33^? L^ili^f ^j ji^f jf -^-^h-^ 3000v ^1 J-^j Jus Ijl^ 

o>U^JLl 4_ b^j^jJLI Ji* sj^xVl Jj; rVit JJsf ->>^ Jl 1 lOv jT 220v ^ Ju^il 

. ^jj^Vl c_jLslJV| £>* L&j^j JULVl c_jL«Jfj jj^IjJIj 
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.^j^-SHJl 4JL>*j^ :<Lul!iJl 4JL>*jJJ 





CU ^ U"^ 



C*M3^ Juu 



. C-xJ^J-ll J-^J ^^'J O^J* ' *'$* C*dL9"^"^' ~ ^ ^^ L^' S-^J-^J C-xJL-U 

: ^JuJI L^JLc j^dJu e_3j-<-uj ^jj-2jJI 4-JUjlJ (3j^ 3jic ci]LL& <jl <J1 Jj)J ' * o' '-r'^?^ 

J L-<^J-ll £.J*J>iJ! ^.LSjJj C-JL-oJI £J*J>J! C-SJu*. ^Uj pJ^-Jl I J^ ^- ♦ ^^J-^ < ^ <^M Jt-p*^J J I ^Jj-Sj "^^ 

. J^jL-a]! J*^ lojI 
Ij^l^I *u Ju9j 4 < h LgajJLc 4-La.aj _ij_j>*^j j^-pCu (^JlJIj CjVj^>JLI ^j-4 (J-Ulx pjj J J 4^L>oj AjbLUJI 

: (j^lHI J^=lAJI !§_ U-^3 3 Jl^-Ij Sj^b IL. CjI jL2wj_^ ijuj^l £-*^j 





: ^4$ 4-uj/r^-ityi j^IjJlII 4- LaJ^j L*' 
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Lv-jiw 4.Ujv 5JjU^ ^1 jtj^kJI ^-j-t-u ^CLj iJLv.jJLl oju* 4-i Smoothing ^JUI 5JL^j^ : iUlfLJI £i>jJJ 

7c_a-ojj ^JLjJI (J^" 3 (IJ)J j^LcaXu 4-t-tTulj 4_4jju jJl^dI ?7^>J| 7c_l-i^ I J ^-laJluI 4 jl <^r dOlj 1 fll*^ < flH^3 U 

t J^^s < d2^3 4 £)_£ L^^Lu^lj ^UJlJuJI 4-JU-C 



aj-iJLL^ 



Jj L- <2_L 



4^U_d J J < 









i^jj 1 — > ijLjj j^IjJlJI (j-^-Jtj L,.cjfe-<-uj Ju3 : ^ kaJuJ 1 4-L^jua : 4juIjJI ii^jJLl 
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-3j_ujl3 *_<-uJl J^3LuIoJ I jl ^ 4_1<L^3J 4-SjL_ail Jj^IjJl! f-£^>* LT^- ' ; ^~^ O^- SO 4 ^"^' L^Lhl^ ^A-H 1 "^ LT^ 3 J 
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jjua* 3)JL£ jJLia* ^Ull J^Jt 



«Jj J^T (Ji J' (j> (J-^ 4 rth^ca 3j JlSJI j_iL-^3 £)J 



*jk" t-uJ j • '^ A IjjJs jJljl^c J—^jlj J-jL^jaJI I Jl_A ^_ aj_ 2j l-£j—uu SjJlJLJ! j^Ll^c Cj! Jlj^j 4_j J—^ju (^JlJI 



Switch 



220v 



12V 



jt 



R2 




r 



Tr1=BD131 

Tv 




R3 

-VVV 



TR2=BC107 
-R1— 



^Dz1=C5V6 



R4 



rAVv 



C3 



i /50% 

• 



: (^jJfcj -^JJ^' lt^- ^^4^Joj c-jjJuJlI (^j^j^c ^j-Sj e-3j_<-u <_p-5lj 4-JUjlJI 



3j*jI JlJ! 7Tj^>- jLlL^Ij ^j-uLlSj aj_£jj 4-S-l2j>J! ^_ dJL*-4 ( Jjl^j>iJ Ju3 (^J'J 3j*j! JlJI ^_ (JLLa^. VI (j^aju <j-a*j (*J-2-> 



. SjJuLll j \\ <^ a f\ L^>4 (j^aju 4JL*.jJll 0Jl& Jlaj ^Jl>o £)) * j^>' 



L-aJ ^-^=J 



: JLWtf! 

4-3j^*-4 * jlaj < uJ ^ ^=a 1 jL-Qiw VI d^Lojj J^IsLLc (^-Lc- ?Tj^>i-tl ^j-uLi^j 4-JLjJI JLLiC 2 1 J-A*J ^j3 c-JjjCLtl ^j-*yc 

: SjJjI jJI 4- Jk + N 1^ 4jJu>oLa 
S 7t-LZu-uJ IjLa t^jJkJI d^Loj j^t^l J 3j^l JlJI ^a ( j^_LdJI ) Cj I j £ t s> 1> 1 ^IjJwLj *& t U3 ' J ' 



V 


4 W j- S ^l i>» a J <♦ /~r< U s ^j^i -^.t| , \j i>» »| , l-^jl,! J A 1 


rtJU 


S JS^jJI jLf^i daUj Ju£. Jl^>. dJLlA Jj^ .2 


V 


S ^LxjI JluVI J>>Jll e-Sljis? ^^ Jl^^ dJLlA Jj^ .3 



S 4-SjL_ail CjuL^VI ^yA C-JjJuJu (^j^J^C ^ljJlu-uJ IjLa 
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(Open ) J-^sj-a j^-c 4_j ^LiJI L^jiail Jjl^j jl^jIJI 3jU^ ol ju^j-a jl^I ?t|>>*Lj ^ : ^liil JI^jlJI 





^^ S^rj^JI^ jl^ciJL^J^ .1 




^\J^\ S JiwjJI ^J^ Jl^>. ciJLl^ Jj^ .2 




/\/\J S J^JJ i^l jOjVI l^IjJoVI ^ j^ ciJLL^ J^ .3 




/^VX^y S J^e-Ui aj^jLUI <^IjJ©V| ^^ ji^x dJLlA J^ .4 




iZllS 5 4L9eJLfe.U2> Jj->«-U J,g> ?TJ^ ^mjS J^ -5 




-w>$~ S jt-pwjiJI SjUft L^lji^f ^^ jl^>. djLi& J^ .6 




S jlo^jUJI SjiaJla c^lji^f ^^JLl ?tj^ <^-!Ll^ J-& • / 







. © JWLJ (. ,,,„ !,) 

e_3j_<-u (^jJlj ^jL^ituIail c_-^i_uL>Jl JL^>* CT^- -^J^J-^'J 3jJl2J! jJul^jQ (JLLa^.1 jLlL^U ^^L>J| ^_au^-jJ! ^J-tt-LuJ 
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LuaJlj 3 Jlj^Ij 4JL2j^1oj (J-^JtJl 3 j ^3l3 ^j-^aJ j 3 JljJi£. VL^=3 tILlj 3 JljJlC LcIjji 3jJl_2J! j^Ll^JL q\ 

I jLjfc ^_ C-JjJljJLI (^J^JJ^C. *JLjU-J L-3j_<-U £)_^=Jj lL^-4 < «) L^M^^j *-4 1 fl t art') ^Jt 1 (jj^ 4-4 Jlifclu-tJl I J-^LulJI C-JLcl 
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: L$£.!^J?J BjJuLtl jjLua-A Bj^^f ^jiajuj 7riL*J 




Tc-uiajIdJ ijJj^IL^aJJ 4-tiLi jj T^jLita AJ^Lj Jj ^J^ J { 4 ^ A 




/-J 21 <--^(-uL>Jl m j^t > ^dL>. 3)J^ jJbL^a 
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: BjjJLtl jjLua-A Bj^v) cilS 4ji7j^-i 
: SjJlUI jjt^fl ^j^irt^j ciJLs *-Aj*£. 4_ LfcjL>ol c-c^IjJI CjLLLlo*VI : Vjf 

. (cJ^HO- 220) 

. dUi 4- j^^' <>k^ Jj^j 

: 4-JuJI Cj 1 jlaj>J I LajLJtTLujL^ jL^j>J| cilaj ^J-Sj £)) * J-Laj < uJ OUsL£o^VI f-jf-s^* cr^- '—-^H 1 ^ O' ^^ O^'J 

: LilS 
l_3j_<-u ^LjJLjj *LiLv. j] jL^j>JI l-SIj^LI ^^ic 3j^>.jJll ^^X-Ij^lJI f-j^b ^ SjJuiJl jju-^a 3j^>^1 tils Ju£. 

: 4-JlLJ! Bjjjl^JI ^_ 1 o*^ 7r j < ^ j <^Io* jL^JseJJ ^>^jL>Jl L-S^Ljul pj*J ^Uj 




2LuL£l!3dr^)! 2ui$>£JI 4jLu^ iwjj jajajull 




CjI glt^a 1. 1 <ji da >>^ > LuaJij (^0_^j>J| ^L^d £>_a < b^LiJ* < a <fo^a (^yj J J J e_3j_<-u jl^j>Ji £)) < la ^N ~ L<^3 

L^ju^aj ^j_^ JuVj 5-JLc Cjuj^-tTo J-<^>iJ ^jfc ^JuJuj Zjull^=d L^*-< " £)! <_?^£. (Jjy L*-* ^j5cj>J! Sj^i-l^d B^jjvjJLI 

dJLLA (jL-^3 lij Jl (Jj-^>JLl jl—tlo^Lj /^£ ,$_j CjJl^j <jJ ( j^-tiJt ) Cj \j £ t s> 1 1 QS>irti\ c-JjJuJLl ^jS^C ^j3 : LjJLj 

jLiIowIj ^Ja jl-^sGJI S^LjJJj ^-lL<.o (Jj-j>JLI ^jl (^— ^ ^ j*jj 4— iL>*Vi ^jj ^jlj c_aj-ux^ jL^di ^J-JLcLj t ^^ 

J LajtJl <jV 4Jhjla CjIjILU J taj 4 .uj^l^aJVl j^-a^LulJI ^j-A j^j_^=J I j CjI <a!t^=3 1 J IL. Jj^xjJtl Jjj^kJI 4_stj!j 
pi pL>j t^aJutil I Jl-A ?:Ij^wJ ciJL^jJj 4_stj|jJt J) jJaiJl J glj— t-u J ^^ ^j < M ,*;~<^-J Jl^£.j L_Jiw|^ ^jj ^aj 

: jL^tii i-il^l JlJI *I>xV| ells 4jI Ju : L-c^Liw 
: (jjJLUI J^=iAJI !§_ i^tx^jJLl 4_l^jUk]| ^j-ojLHI ZjlL^L] £j±* aj! JlJI IL. ^ 

4-^^iJl jf -^JJ^' ^IjitLtdul y jUlfrM u ^->t Ifl^n^ ^^J^ ^jt^»r VI JiL_J (jjX.lj^ 3j^>.VI c-JLcf 4_ Ju>o o^lj 

4-_xjL)j^^=JI CjIjIj— loJI ^_J-^ ^-^=lJ ( 4-JjLU ) 4_u_L<jLrw 3 Jl-cL^ (^JLc A-C jp j La 1 1 4-j>wjJLJI x_t^^J ^Ja t L_<-u^L-u 

. ( ^lILc 4_u-Lorw iJjLIa ) ja^aujtJl (j*aju < ^'^ J^ c^'J ^J^^J** ^ ' 'J 
. 4-SjL_ail (J^^'J-i'J 4-SjL_ail CjI Jl^jJI ^_ Cc^-LtJj J^-j-t-u I ^ <: -—» j^ 21 jJb Jl^I^JI j-l^UjlJ| ^a-?caj ^S : LajL-u 
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: LJ 3 JuJl^ (JL^Luil ji A-uj^IL^aJVI jo^LulJI ^jiajtjJ 1 tJaj) ^^j^tlu Jl^j 4-t_^=3j>j jl jL^j>JI ells 4-JU-C ^r 




I Jl-A L^Jt— lis J ^_ (^—&J ^-J^ L - J ^J'-Pj 'Ai? 6> (J— *-^-*-* Cp-^J 3jJl_SJI Cj 1 jjILujJj^j Ij>j ^jia-ju ^_ <-ujJI ^_ ?c_ 



1 (3<Ml ^JLjJLjj I(jmVi uj *JJL CjI^-l^ ^ic 4-cj-l^j-^ 
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.SjJloJI jju-^.^ jL^>ij ^^UkJIj g- j j U 1 1 -ij^-JI J-^L^3 (jjJ J^ M<tl I jla I2_ 
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.jL^>Jl I Jufc < Ml 4- V^oJI ^^J iaJbll CjUj^slXI JL^f (1^-wMj JjL-oJI J^ Mitl 4- 
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4-pJJL 



-J-J1 



■o.'iifl(| lliiijilllq.o.'inll pilnlll nnlnll niiiiiif ||)ll 




AjJjj&}\ 4jU<4 Awjj 



JljjJ! jJj^ jl^>. 



if 

1> 



^> 



3 







u'i g 1 1 c_ujJl1I!j ^* all j^-JjLliJ 4_aL*JI inn dj^JJ 2 Uj A -> * J^j " >, 1 1 » xya. 




JljJJ! JUf>i JL4? 















^A) 


oL^-^tl ^JliJI 


2U4I 




w^*A> 


JljjJt jJj^a JIUrl JLjJlthj 


uH>JI 




3*41 1*2> 


jjjja £— (JUtll J^lj-a j-u.qj 
1^1 1* mi" SjLclj JljjJI 


5U^I 


JljjJI JlJj-4 jL^>- 4r J^ + tl 5JL>.j^3 j-£f-*-* <_?k. 3j JlSJI 


Su^^t^Vl^iAl! 



:4-lJLjJI ^.Ij^^I Cx^Jju Ju9 ^j^^3lJ SJl^jJI 0Jl& J o^-il Laju£. 

.Lu^Sj JU+tl \q{°\ *u ^jXJI 5JL>.jJlI JuJu>o .4 

.jlLaJI j t^jutJi Jjjuj .6 



.JIjjJI jJj-A jl-£>J a1a\^=3 ijLu^ .7 

J-u-u La £j^ c_jj alii ^LSjI j u^lktl f liVl £fu«^ 

. kL 33 : LU;JiIU^>m^^l 

. i^JLj Jlj^ jJj^ Sj^f t dJL^mt JJU^JI 
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:A*JLA* 

aj^Sj (j^jl^ j^LolxJ ^4^-^ ^^^ SjLful ujp^ 1 "^ J^ jl 5JL-ujJLl 3jLiVI ji cjVLl^jVI Bj^-^I ^_ 5JLcL>JI ^j^^lj 

£>J^-<C<JI I Jl& c£LL^=ucj (J'J-i ^J-^ jW^^ <-La-<-aj-^ (JilLc (J-^£. ^a c-jjJuJLl ^jji^c aj_21L-u <*i*^p* 4_j r*^-* <^J-<-"»-^ 

• J-^J j^^- ^' i^j-iiu^j (JljjJI jJj.^ jL^-^ ?t>^ ^-yjj 
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JljJJ! JUf>i JL4? 













4415 FUNCTION GENERATOR 2MHz 



KvfL . OFFSET f«fl- MUtT^tft 



J*Wf f * WWH tWU* MATtt 



^K 



: ijvjJLI 4-x^.jj jLlL^J t-lLLc ~ 
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3ftdtt3db£lt 













( <L>*jJu (^gjp-LrjLa A_j| Jlj ) 4-4Jt^.jJLI 4-La-SJul jL£oJ 7-LuLc 




j! j rt f^tl Coo ^jj^=lJ ji jJuuzl\ <J^3 jJ^ ^ W^i l£' ^*J^ ^^ ^^^^ T'l^iil \j-& 4 U f fd^J » jI^J f rMJ 








jJ^ j \\^-i 150 c_jjJLUJlI ^1 ^=> jJ M^-<^ *_<-uljJI (^jJlI 4- ^jilaJlt ±y£l\ jL^M Q^qj rL^UI I jl& 4- 

. J^JbjJI -i-^p-J) jLloJ 7-LuLa 
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3ftdtt3db£lt 










: JljJJI JJ^ajL^ J&jAL* UUi* 













£>>J! j^n. 






£>>JI j^n. 



£^i 









: 3jJl2J! jju-^3 iL^-j^c : ^JjVI 4JL*.jJu 



: Jl^j>JI ^jr^^^. 5JL>.j^ : 4-xjLjJI 5JL>.jJlI 
^-^L^tHJIj J-^^i I ^j_^j>JI *_ a J-^LjuJI (<Cui jl^cJJ ^)-^Liw (Jj^?e-« <J| ^LlL>ij LuLs ^JLjJLjj <^-5>3 ZZU J} 
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*CLj <_p—Jlj 4-_x^jL>JI cjLcjLSJlLj L^JL-x^^j (<CLjj L^jlJLx^j 4-_o_aj>JI 4-j^jJlI ^-Ij^JwJ /<CLj 5JL>.jJLl ^jl-a ^_j 

: 4jujJII i^-j-tt 5JL>.j^a : 4juIjJI 5JL^jJlI 

^j-j 4— jT j^dJuu j*jJu>J|j 4-_l ; uj>J| 4^>*jjU ^)-^ ^-^J^' 4-^*J-*' Pr*—*- 1 ! 4 J^J*^ Lr^" ^^4* ^^ ^-^H 1 -*-* L - ^J-*-" 

. 0^J>j>Jj ?rj^>«-^ £-L-ujI £_ rt^rs^Jlj 

: Altlltl ^j-tt 5JL>.j^ : i^LaLiJI 5JL>.jJlI 
2— {£j^± l_3j_<-uj J_aL^=Jll 3j^jI^ (J-jjio ^j-C 4-jujJLI 4-j^jJLI £)_* 4-illLtl 4-j^jJLl -r\jJ>\ *C<-J 5JL>.jJlI 0Jl_& £_ 
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. 4J_a 



: A-lJLlJI ^-jLuJI Ixiwlj CjljL-LliwVI ^.Ij^Lj ^J-Sj £)1 (jVI c-JjJLlII (Jj^jj^C cilia c-jj I U U J " 



A I I IL I J 

+ 1 1 f. 1 ^ 

T 1 1 J. 1 ^ 

A I I IL I J 

T I 1 f I -\ 



49 













: (^JLjJI (JjJu>Jl I2_ /J-^LlJI (J-t^e-ujJJ J^jL-aJl ?7jj?tlt (^JJJlII (J-^J^t J -*-^H-^ O^W^ (^ 





Jjpll 




Volt DIV. 




lijjoJI <>sjJ1 




TimeDIV. 






t , , r , ., 

J. ' « I i J 



■^ 



Lull aiwf LJIj 



^LlII (Jjjtj>JI i2_ tuLlII ( J t oe.ujjj j^jLoJI r^iti! i^jjjlJI (j-aj-St j -^-tP-J' o^W^ 1 (*^ 





Jjpil 




Volt DIV. 




lijjoJI <>ajJ1 




Time DIV. 



JbJI 3 SlaJLq <L3j^*-4j CjuJujJI ^-<-ulj*J ?7jJkJI ^j-ulj^j ^_jLuJ| Jl>*I ^j ^j-^J A-jJuJI r I t^^Vi <J-<^aj ^j3 <j V 1 



. ( dJuJ) 4-d. 



^Lui! 


It^tl 
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JljJJ! JUf>i JL4? 










gSLiill 


lU^tt 




O^ 3 -^ (1)1 £i>^ 







l-Sj^juj l_3j_<-u a^L2jI J-jl^jij! ^_j jL^>J| I JlJ 3 Jl_4j>J| i^jjtXI £)_4 ^j ^-i gj j ^^~""» J (^j^i CjLijjJu 3 Jlaj ^J-Sj 
. Bj^-^^l 0Jl& tils 4-iiL^D cr^- ^-^h*-^ 1 '^J'J ^&i i-^>L>«J( J^J^' (J^V L^LHJ (JL?^ CjI JlJj.4 (j^aju (^^ic 
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JljJJ! JUf>i JL4? 









i 



JljJJ! dkJp jL#- LaSPj Ji : &tfl! JmaM 



«4it wmowow gmwMiro **** 











(JljjJI jJj.^3 jL^j>J ^^-aL^s -*jJ-^ 7*^^31 J^LujJI J^-n tlJIj 
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JljJJ! JUf>i JL4? 











(j-^jtj 4_ jT £)-4 Jl^dLjJI I Jl>* ^jt-ulaj) £)-4 4 rtjrt"»Jl ^_j (J'J^' ^J-^ (j^LiJI SjJuLj! jJul^_4 tc-a-ojj £j^>Jl I Jl& 
J-aLxfoJl (jrt ~x-n\\ £)_4 Jl_jV ^JLjJLj LjLLj JlJj-II J-^-C a Jic j-& 4l <^r a Jlc CL<_uj <_^l J-^IjjlJI (j-^j ^4^ (J^ 3 "'J 



J_& 1 *\^~-^ A-2ZJ>ij\ 



iW 



^ 



(jr-fcj ajljlju]\ cjI <7(^-a-^ ^.j ^j-^j j— <-^^> t ^jjJI (^^JLc (Jj^>JLl -ij-^j L^ cI^-^^iJlIj 



Jl^jseJu C-c_lLc ciJLJjk LuaJij (Jj^>JLl Cj-cjL^o Cj\ Jlj>*j-4 5-juj! £)_4 4-j^^auc Ji_p^j Bj^LaJLa ciJLJjk LuaJij tc-loIj 
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4-pJJL 



-J-J1 



■o.'iifl(| lliiiji]||q.o.'inll pilnlll nnlnll iiiiiiiif ||)ll 




* 



4dU$j&l 4jLu4 4%$ 



t^J^'j cPSUlJI>L L^ i U jU^ 



^> 



% 



4 



r 




u'i g 1 1 c_ujJl1I!j (jP-AJI raJ-stll! 4-aL*J! 4 i ii i nj-glj 2 Uj A 3e * J^j " >, 1 1 » j «)->> 



















^ti(Oj 


oLu^-.^tl vUlill 


K& 




|<?PA 




uep 




3*41 fo2) 


jL$->- £_ (JiajJI t_)Lu-ul j_jJLSj 


2u^i 


jH_L<Ctm jL^>- JLLa^.1 i_al mn^I ^^JLl 3jJl2JI 


^U^I^VI^^I 



: AUrtf 

: 4-JLlJl ^tj^vVt C^JLsu Ju3 (JJ)^" 3 Jl^jJI 0jufc Jo^-nl Laju£. 
. jTu-<Ct.m jL^>* £— S^jJ^j-tl 7c_AjLitl a I jL^tTn-o} C-jLu-u! 4-^jlx .Z 

. 4_^Jlc ^a ^ i^~*-** *£j ^Ju| j L^jjjti) 4-p^^Ll^ t ^ l!u^=d\ .D 

. JLLaJI j t^ilJI JjJlu .6 
. jTt-LsIilXl jl-6^ ^JLal^j 4jLu^ .7 

kL 22 : uJ)dIU^>m^^l 
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jw^>LljlJI <j>> au 4-p*^L^> (^Jua i^l nil^l ^L^- ^>^ f J^V*' ' r< "j 4-LiJ-caJ <Lii^D CjIj Sj^j^^I 0Jl& ^jj^=lj ^ji 

. i-4-^jJI ^^lj.c.^1 B^jutlLa ^j-uL-SJI Sj^^f I2_ ^LiLfLJI ^^JLl ijLi^s ^h^( jWM c^ ^jjJsLlIJI ^j-uL-iil 

2 j ^^ *' 0Jl_& J ^ i-tiLi^D ^j_c 3j*j>*j_4 2 j ^-** j_& 3 Jl_^jJ! 0Jl_& ^_ 4_<-uj Ju e-3j_<-uL3 c-jjJuJu ^jS^c 
(J <]<* ]j aJl-2j (j^s Ij *j 4^ &J>-& (J-^ c-jLt-LLf-ol ^-i£- cIJjlcLcuj j^JLl^ (J^Laj3 jL^^ u-* 5 ^ r*J-^ e_3j_<-u I tiajij 

. 3 Juj>J! ijLu-^Jij 3j^j-<CuI Sj^-jJk]! (jj^^t tiJuu-u^jLc (J-^=3 
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ciiJ. 



->J 



<Ul ( trt) 



: ^Ju L^s LJ ^Idj^uj eiaj_<-u (^p-51 (_2-^j 4 ' A P'J - *' ^^^ <^JLl&j L^ILsjJj LajLju-uI ^j^^-j j 

jL^>Jl I JL-A (J-Lt-cuJ 4_2j^Is Jl^1L*J i jl—pJI J_^J>iJ ciJj^JStlLc cJlJLcj 4 rt-Jl_i ^j-U-lIo LJJLc LJ 3j^J>*1 (jy-bj 

ciJj^tltl ( klXLj jLjltl jjj^ o-c- ^-tiliil l ^-co-lULulII JL^>JLl (>-_> J^LuJLl j^jLjJI i^_£u < aJLU 4 ^j^» (j^JLc 

j^jlj-i £— ^yA \7)\\ J-<^jlL<-uj 3^ (3^VI ^Jl-Aj . ^-iljul ^j-u-lLoLJJlII _ij^>*j ^j_C ^ljLljI ^-iljul ^ i rf jI^LlJlII (jL^JLlj 
^LjJI J^-i Mittj Jlj^j-^j ^Ij-jJI ^^J^. jL^>JI J-^fcJ -*-*p-^ jW-^' J^'j-* ^r L^'^i^-J Ju£. j j^IL-JL I jLpJI 

\! 



y&> 



Moving Coi3 




Field magnei 



&ph& 



: 4^3^_?eILo 3 JuJl>*j ^-uLlSj! 3J^j>4 Luu 
pjLLaJLl JljJu>JI £)_4 3j^Jl-x^> 4-jlL^ < hlX\ I JlA Jiw| Juj 4 ^jLjj^^s J^p ^ ^-^^ cJiLa LJ 3j^j>*1 (^-^>J 
. < alX Lj ^-jLjj^^aJl jLpJI jjjw^J LLkaj>J 3 JuJl>JI 0Jl& LkaJLi qjj <*^p* jL^>JLj O'JjJ^' s J ^ Lr^" ^ J <: ~V * 4 

j^ILcJlI jL^lii 7cJL^j 3j,g^VI 0jufcj juJl>JI 4jlL^ IL. ^LiJI (j^-utltt LT .t.aji^[jJtX\ JL>JLlj cJiitL ^Ljj^^JI 



jLill J-LJI Jill c^-i* 
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i 1 o(jj ^Ljj^^aJI jLpJI JJ>-1 ^=4^ (^TUaiXt 4r LT^^-tiLL!! (J^jl-l^^[jJlX\ (J\Mj>iX\ £>£- 7cjLlJI J^LlUI j^jGJI 
J*^ tlJlj ^-^ (j-^Jtlbj 4_t_i£=DpJ ^dj^juj L_3j_<-u (^ JlJI 3-^J Lc^-cu jIl^s 2 I J-&J _i_ipJllJ j^^L-oil ^-JUj^^aJ! 




: <u!l>JI ^j-ul-LiJI dj^vl LajIj 

^_ 4_p3lj_i CjIjLaj j^jLjJu JlJjj jLpJI I Jl_& <jl cL_p* _i_ip_tl jLpjJ iLcLs. CjLiLc 2 Jlc LJ Sj^^l (^^-^J 
4jIj_U_<-u! J I ^^jJb £)_4 3j-3->- 2 I 0jLjfc ^_ 4^=3jj*laX\ 4-Cj-^>JLl ^jj^3l!jj . ^j-uL-SJI jL^j>J 4^=3j^laX\ 4X.j-^>JLl 
4-4_ca-^LuLll CjVL>JLI (^t_J (J^LuJLl j^jLjJJ <L3e-£u ^^j^JLJI IjLJk e_3j^?tJj ^-jp* < j^-tl/j-tl J_<^>iJ Aj-tilVl ^j_4 

Dj^tltl Lcj-^>JLl IL. 4-LtiLiJI i-paljjJI cjtjLlJt ( j^. ^LiSI JW^' c^4i jW-^ 5JLoL>Jl oLlUl !§_ £LiL<JI 

: pJ^-JI I JlA tc-a-ojj ^LlJI J^=LuiJlj ila S<* _i_ipJll jLpJI l-lluLu ^j-uLiiil £)-4 pJ^-JI I JlAj 
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* L&jLh^ ( — LLt-(ij ^jo/LlSji 3j^j>*! LujjoI^ 



Lijlj-JI 



ciJj^jstllj j^I/j-^ 4-La_<-ul^J Sj^I/Llc 1 fl r fiL^ c-JjJLLaJLI ^Ljj^^aJI 4 jq^^-i jl 4 - < h^ L^-P U-"W^ ^6^' Lr^J 




daj^-jJI (^^-ic S^lj-SJI Jj^e-ui-J 4-JjLiILc CjIjILs (^^JLc 4-IuLj ic j— <-oj j^-Lj?eJJ J_^L>JI j^I/J-tl djj^jstlu d^p^ LT^JJ 

: 4-JLaL^3Lj Bj^^t IilJLj 
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: ^IjUHI jil^Vl JJuto oHluMjlft da ^dJ! J^ili 




JJ-jL^JU m£j^J C_3j_<-uJ 4-_JuL^jJ| ^dIj^-C 21 S_ijL*lL<3 (j^Lt2j| Sj^J^I Jl^I J-& ^L-oJI (J^~-^ mm) ^- 7c-L^J-tl jL^J>Jl 
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. j^j-tl dJu^stlu ^^L>Jl cJiitl LJLo 7e tiajj LlA 
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. ^J^l 4-6-^ Lh^ J-^J^^ ^dJ-^^ 0-^L>^( cJiitl jjfc IjlA 
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Ld! j^I/LbC j^_C 4_jj (^1 jLpJljl JL-^>J| J! 4_4jL2Jll 4-^_t2 4-^JL^J ajJL ^-^=J CJUU-a->J! £)-4 (J-JUlJ! ^J| 77LL>iJ 
LJjfc S^lj^JiJI £)l <JL*-ju>. ^-<^jJ| CJL_<-uLm]| ^JljlLc jL^j*. a I Ju?tIL<-u u (jj_4jJLt3 L^J IAjIj (j-L. uuj lq\\ (j_a (J^ju J) 
(J-^'J (3^' frl '' LH° L^-^ <H (jjl 4_jT (^.J 4-^1 jL^tTn-ul ^j tiJu Ju CjuL-ot*. ^1 (JJJ43 Bj^Luc 1 tiaj) j t-j-l^^j j(jh1 

(^_^L-A (J\\2j>. ^ JJ cL-5t-u! £)-£ 4JL19-L0 CjI jJ-f-o 4jLj-^j>* <LujS J! ^j-uLl2j! Bj^jv] > gjua 1 ^^-^ c 4uul^=d\2& 

. 4_l<^jJi j^ljjJlj cj^Lx^j-tl ^Luii Lwfc 

: 4»L*j3jJI 0£.!jJiJl Cj|i ^jaiLiiJI dj^^fj 4-L*j9jJ| (Jo/Llo]! SJ^^t 

ij.Qj£(-udjj 4_a-^j3jjI S^Ij^SjI CjI j (J^Li2j! Sj^^Ij 4»i^.^jj| ^j-uLl2j! Sj^j^I Cj^-^- LLa <^U (j\j ^j^Luj z! (^yL^ LlJLc. 

4_|_(-uL-u2 I L-A^JlJ^ p J ^ ' ^ (3-> Cr^' ^>^*^' CT^ 4_l<^jJ| ^j-uLl2JI Sj^j^Lj Jul^-2j L^JLj jl>* 21 (jL^=u<3 LwkJt^l 

^j_^j i_i^j cjljLij ^\ L^-uLi^ -itj-lt 4-JbL^jJI cjljLiVI <Jj^>o ^^ ^ j S La 1 1 J j^ljjJI aI justiu-uj ^j-uL-ul (^^ic 

^j-uLi-ul (^^lc ^H-f-^ B^lj^JLJI j^Slj_i a I JiitlLf. J £)_4 Vjl_j (l^> <?q 4_l*j3j B^-ljJb j^lj_i (^JLc (^jIL>ij . 4-JbL^ Sj^-^1 

. 4-JbLc<JI ^j-uLt2J! 3j^>*1 ^_ j^jJLIj ^ljjJuJI a I jLJtTn-o} 

: 4_JjL^i]|j 4-L4^jJ) ^j^LlSJI Bj^>-1 £fU 4-JjLSja 
CjI jq^-jlJJ i_JbLC<JI SjLtiVI ^JLftJj 1 o^^ 4 4_t2-LaJ-^ j^jIj^ A-4-^jJI ^j-uL-SJI Sj^-^1 ^.Lb I|_ AjiicIu-aJ 

: ^j-tu-ul 3 Jlc (^^ic 4-i^jJlj 4-JbLC<JI Bj^-^^l 
: 3£.ljJiJ! 4-tiLi^D : Vjl 

J^ttJ ^_J 4 LJ-lL<3J 1 ^J^^- J^-<I/J-ll ^JJ_^3lJ ^J] <-;-<-^>iJ 1 Q*^ [^J-L^D ^ljjJlLj! (JJ)^^J (J) ( M Lajj I JlAj 4 J^J-tlj 

4 4—l^jjLc.jJj 4_4Jt_xJ^J ^LJj! Jlj a! Jl?cIL<-u} Ju£. (JLjsJI j-A I *\^-^ &Julo2lj]\ ^^LuiIa julC. ^LJjJuJl ^jj^=iJ ^jLp^Vl 
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0jL_& £)) I ^^^ Bj^LuC 4_<_uL2Ju A-^-^aJI Ij^Sj <i^p^ * (J-uLl2JI 4-JL^. aLsjV ^LjjIo Lt^J ' » 'J ^ I Jl^J 4_L<yjaj 

. 5-JLc AJjJjUC C—xjIjwC ^J| L^J^IjJb c-Jj^Sj Sj^.^ 2I 

: S^IjJLj! jljJslL-u! L^u 
.4-i*j9jJI ^j-uLlSJI Sj^-^1 a| Justlu-uj Ju£. CjUIjJLJI f-J-*-^ 4-lUjlI3 4-aJustIu-tjLtl CjLj^UlI _ijic (J^i^ (j)\ ciJLJj i$^J^ 
4 j <^V Mill ^.LLai* VI 4jjbj jLtAZLJl ^_ 4-Cj^^-ajLj 4_l<^jJI ^j-uLl2j! Sj^j^I a I Jiitlu-u Lj ^j-uLt2j| A A qC j>_pC<J 
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: 4^j uUiUiJI jJL&l* jL^aJ ^jJLm uu ^ a 



1 b D a 1 
,d » J 




TtMF 
WiiCiCiC 



Pry. 2524 



-16 



h-llflME Ml 

ScgfeCE 



®- 

...A 

©- 



DC 

e, 1 1 1 NiiATtifl 



LJ 



V A - 



DC 
AMPLIFIER 



[..i.lhJ IhJirih- 



■ .- 

t 



AE/DC 
CC* VERIER 
T/iMI J llf IFR 



SHUWi 



1*? T 



l" 



£* 



A- J 



fP- 






ff 



c£j- 



RANGL 
SELECT in hi 
CIRCUIT 



hlMClKW SWIICHES 


li 

- 


f 


E 

■a 


t 

-a 


■H 


■_i 



RLI^rfMLE 

TOC"AJJ£5 



+ 
CDKiWiHATaR 



Id 



i' .i 



RAH&IH& 



UP 



lyrwj 



XUTO 






D^Hr 



AJUTG F4MUIMC* 



PHDI.UAM 



l*^U 



05 «U 



ct.-ui 



f.LQCK 

pxiLies 



DOAJKTCP 
WEWRY 



AhOH 
5WITCK5 



BCD 
I5EGM 

Ecrwn I" 



* 1 t t t_l t_i U 

1 1 u u u u 



klj H-n 
-iA "E 



J ■".! I'lO/ 



fj j. e. 



ftamo ud- 



Parnp davtti \ 
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: JL^ I j*Ua1 Sjjua* AiUfe SjilJ* £l>Jt J^ill 

Analog to (j^-^j <y I (j^L^ o^ cXf 6 -* ^1 cr^ ^° Sj^l jJI ^jl&j a_^jJI ^LjlJI 3j^>*f J-*£. ^j^ e^ 
ij^JI Jiwi j LjjLL^f LJl rVi^i)j UjLoiJj l^Ur c-jjjl^JlI cii^ ^4^ v^di digital Converter 

. 4X.jp j U 4 4jn. jJ (^^JLc. J 




7493 



L_Laj>J! ^jL^auC T^LuTt-t-olj ^j^JkJ! ^j-uLlS ^-J ^j-^J ^LLa^I 3 Jt£. (J-A*J f*J-2-» <-_3j_<-u 3ju>l Jul 0Jl& J j rt M <^u £j] Juu 



cjL^LlSjI 


tU^tl 




^j-4 4uIj_lJI 3j*j|_i ^-IjJwLj ^ 

0L-uLt2j| JuV ^J 4-ujlUjJ1 3jU>I Jul 








^j Zj^\ jJI (j-4 ^jj L2JLI ^-IjJwLj ^ 



Segnal 
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^j-uLlSJI Sj^-^^1 c-(_^d^jj ciJL^ 4— J U-jlj i_^>L>JI d^L_2Jj| ^a JuJulJI (JjLlu l_3j-<-u c-JjJuJLI (^j^j^c. ^j^I 

L^Jl ^j-^ ^-^^^J ^ JJ^ Ujtt j,^ -»^ Vj! ^-3 ( j^\j-L VI B^jLJLLc ^j-uLlSJI *J fl^-1 ^J^ St^ J} 4-J>*L>Jl JlULC Vj! 

. L^j ^)^>L>JI ?7jJk]| jl^.^ o-^Lf^ c3d>^ o^- ^-^J 4-^-t.Lt-u 

. 4.^-lLi-u jCvi^U LJ JllL_uI 
I ^ <: -—» 0jwi^Lt£. jLlL^Ij jl^j>J! lLLoj ^j3 ji ^Jjj LgaJuul {jjJJb 4_a^L<-u ^c Jl^dGJI Juu jl^j>J| jLcowU ^j3 uJu 

. 4-SjL_oil Cj\ Jl^jJ! ^_ C<-<UAJJ (j-t-t-u 

: jL^JI tils A-lo-^d 
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: /— ^jSj C l ^T lLc j L^>«-j f 9 j ^ 1 1 -i j 9-A5 ■ aJL>J I ? j^>J I 7c_xi^ ^j e_2 >o_<_u 4_J uj 1 3 j j * ^ I ! 




. (ij-^jjl 

(j-4 Vjl Jl^sGJI ^-^o 4-jL^ 4-tiLfoJl oJJt> ^^- 7:j->* l£> J>6^ ^JlC 4-JL*. ^_ 4u1 c-jjJuJll ^juj.c. ^Jt-LilaJI (j^J 

j^jlJI ^L^Iul jf Trj^f^fl (j^r^U ) jj-loII j-^j ^J^- J^ 4- ^1 j^^' iijUoJI 4JLol^mtl 3j^l jJI caM^t 

. ( ^JUj^^aJI ^j-uL^jJVI (j-4 pjj (^1 CJjJu>J j! 1 (flrtht 4_u-<-u-4 i^j^l uLluI ^1 ji Sj*jI JlJI 0juJ ^jt-ulaJI 
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4-pJJL 



-J-J1 



■o.'iifl(| lliiiji]||q.o.'inll piln]ll nnlnll niiiiiif |(|ll 




4dUj>&ij 4jLu4 4%$ 



oL JujJI ^u-olj jl-£»- 






*3 



5 



r 




(j'i g 1 1 c_ujJl1I!j (jP-AJI raJ-stll! 4-aL*J! 4 i ii i nj-glj 2 Uj A 3e * J^j " >, 1 1 » j «)->> 



















^<<£> 


cjL^-^t! vUlill 


20^1 




i^PA 


CjI jujlll 


uep 




^UfMfdj 


(jjj diLj jujjl f<u-ulj jL^>- <-^ 


2u^i 


i~tl t.\ t.\t| ^ / ntj J I ^^ i / t ^-^j*\j t*\* 1^ AJ, i 7>\\ 


ZifiUpiljrflAdAN 



: A-JLlJI ^tj^Vt C^JLsu Ju3 jL^au 3 Jl^jJI 0jufc J-<^=ij LaJu£. 
. CjLj JujJI (<u-olj jL^->- < r c-i^=3j>Jj cils (^^ic 3j JlSJI . 1 

. CjIjuJlJI a-lju\j j\-&>* 4-p*^L^> (^Jua jLltiwJ .J 
. CjLjJujJI (<u-ulj jL^>J a1a[^=d 4jLu^> .O 

J^u-u La £^>J c_jj alii ^LSjI x u$ikil f liVl ^dUKba 

kL 22 : LU)dIU^>m^^l 

. iUlj cjLjlo *-lJj 3jh^I : *l\c\ dill JjLwjJI 
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j^jIjJlJI ^_ Jij_^>JI CjIj^juj CjljLiVI jL^IoLj {*5*j Ijj-LalLc Luj^L^aJj 'jW^* <--*LiJuJlJI (^-^J lP*£9 iiaJtitit 

^jJlJ 4_4jj^IL^3jVl j^^Llju! ^a^ jLtloJ {jj$ (^j^VI ^j-uLl2j! Sj^j^I U^"" 1 <\ \ aJlju IjJ^jj 4 <Ljl±2-l£\\ 4jluI/VI 

^ Ir (JL^se.4 I§_ J—5LJI jj_LajJI Jl^juj '^^ iSjJJ L * a -^ (J * TH—*^ ' ^ ^ 4-JLcL^3uJlI j*SIjJlJI 1 ^h^l (j— ^ 

L<JL<3 ^jj_^3lj <j) c-JjJljJLI L^jI ii.Lilc c-xjvj ciJLJjJ <LijjJI ^_ CjLjJuJlJI &*juj\j jL^^ ^J^lloj £)1 CjLuj^1^=3 t >1 

4 (^j^2 I Sj^-^-^^l ^_ J-UjlJI ^jL^auC 4_3j^*_4 £)-4 clll^auCJJ Tc-i-oljJ ^-i.Lt-0 J^3luIoJ BjLiVI 4JJJ £)-4 <-^i^=uCJ 
c_3j_<-u lLdI SJul 0jL_& *_l$jv aJL^eILlu-U jL^j>J! 4-jL-l-l^ A jj ^^ £— 4-x^LiisJ ^Ll^.1 J_^jlJ| 4_2-LaJ-^ ( J L^aiJ V ^Io»» 

4444 (^^j-li ^-^'J 3 Jl^jJ! ^jlA ^_ LJ ^dj^aUj 
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: Power Supply ooisil sjl^j - 1 

iL. A_tL^I jJI S—ujj^^I^aJ'iM jjljJlU (_^ia-aie_L<s J J^-j < . ( 4.JL uaJI 4 jlgr 4_j| Jl> *_4 <_>iajjLlll <j^ JbV 

: Intensity Control ^^-^-.Nl JuuiVl £*>» i^=A> ^^=^1 sjl^j - 2 

: Focus Control ^jp^jyi ijuiVl i*>* i^=>i> ^L^iit sjl^j - 3 

: Time base generator ^tiajJI 3 j^Uil jJj^ ^^ - 4 
4_<iLi (jr^£- ^-^J^-^ 31 ^^' 4jl ^^' ^3^* ^^j-^-i-? A J-^ lP~^' ^-^-"L*-"^' j LujuU 1 ^j-<-u SjLij jlJjILj aj_2jj 

: Time / cm selector ^jJI jLpi-i s jl^j - 5 

: Horizontal - Amplifier Circuit A^Vlju^tl j%^ - 6 

: Horizontal gain Control ^s^Vl uxo^JIj p^^Ul 3 jt^j - 7 

: Horizontal Position Control i^Vl ^^yL p^^-ti 3 jt^j - 8 
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: Vertical input aj^j^JI J^jJI 3jLi! sjl^j - 9 

. 3_i_^Lc 3jLij ji 3^.<C<-LrjLa 3jLij La} (^^-^J L^-<-uLaj3 c-jjJLLaJl! 3jLiVI jl^IoIj aj_2jj 

: Vertical Attenuator ^j^l Js.jj| 3jLil ju-*i^ 3 jt^j - 10 
^jle. 3jLiVI i^j-^ J-aL^ j^tvi ^f^ < (J^-jlM ^j^i ^^ (Amplitude) JLL-a p^j^ Vm a >^j 

. L^Ls '^J^^ O^^V? 4 4-tfuLLOJl 

: V/Cm - selector jll^sJI jl Jul* jL^t 3 jt^j - 1 1 

. J^jJI 3jLiV c r <-t-oLLll jLp^icjJl jl JuLc jL£owLj aj_2jj 

: Vertical amplifier circuit ^j^Jlju^-tl otjb - 12 

: Vertical gain control ^p^**!! v ,n^tlj p^^iil 3j^j - 13 
. ^jUj jti ijLui^l aU^ iuiLi (jt JLl L^jL^Ij J^-J^i *jLij (Amplitude) JLL-* d^u^j a j-<£j 

: Vertical position control ^.y^l ^u^^iL ^^l\ 3 jt^j - 14 

. 4 j l^i j (3 1 1 4jluI/VI aU^ 4»<iLi (^^ U-^J or 4-4JJ^L^3ljVI 4jluI/VI 4^<aj^^ j^^-tjjl* 3Jl>*jjI oJJt> A J-^ 

: Trigger circuit ^j^JI s^l j - 15 

^JijJj *_a jl J^JUI 3jL<i} _i_ijJ3j 4_iL<3jJ! 3 JlcL2j! Jljj-4 -i-i>-^ (j\j £yz\jln\ ^jua^tLjLJ 3ju>! Jul o JJt> A J-^ 
CL<_jIj J^ mi (^J^. J f^-nJ ^_^>o jJ^ufe ( j(J ) aLjlJI jL-AJI ^^J-* £— * J' 4 l£>-^*' ^-f^J^ *jL<!ul 

: Stability control jIj^i^VLj p^»-*iH 3 jt^j - 16 
: External Horizontal input ^jLJkJI ^Vl J^jd! - 17 

(JL^aL-tl/l jL^lijj CjL_<-uLaj9 (J-^' (J— a 4— x^Li*j i-Uj^IL^aJVl 4_4j^sJJ ^_S^2l ^j-^ljJlJl ^—ti^tlu aj_2j^ 
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: z- input J^jJLI - 18 
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. L-SIjajVI tcjLLl^ 4X.j^J3t^3 ~ 
s a^» « <<a^i\ _ ) ^ (lU a 4— iHjl—ilL ~ 

pU— jJH ?r<a Kij u ^t <-^L-taj 4—lJLc ^"J-* <Ji *Lh^' 6— * ^A>" ^--LfrP^ Cr^^^O^' ^-^— *-M QJ) ^J 
Lai (j!lj| Zj ^} L>^! L^H L-^J^^ fjlP^J M ^-^L^t (^^^^^ <— ^J^>OJ 5Jj-^_<-aJ 4-iiw|^ JLSHjVLj ^Jj^IL^aJVI 
3 Jlc1j3 *_4 3j^I/Ll4 LjI Lgajj (^-^ c^L^' ^-6^^' ciL>-^ ijL^jL^ictl Cj^Lx^jJ! ^Lllh-oU ^-xJUj^^aJI Cj^Ll^jJI 

. 4->^_LjVl 

0Jl_& 4-La_<-ul^j ^Uj ^;P* PjLujluI Juu-^cj ^j^-ipJI J* maj p^—^ ^tHJl 4^=i_ul/ 4 (J/*^ '' a! Jl?cIu-uLj j^Llc j^. 

. jj^L-uj^aJLj 4-JLUJLl iuiLiJI ^L>oLj ^jj^l^JVI pLtAll 4x.jLojl4j j j^^j^ jlcL-^JLI 

^ ■i^jpjl Jut '^* ^JJ Jj^c-i <^-;P^ c-x Sj J 1 jLt£. L^JL^d j^-^^pj j 2^-*t ~<\\ ^jIjJljv ^j_c Jl_*j_ij ( CjI jj^IL^a J VI 
j^_^3^J 4-Cj^-<-aJ p^~"" i gtJ Jl (J-p^l (J-^ ciJujj 3j^jlL<3 4_^jL2-^ Jlc I < ^ 1 1 ^Jlj^ J-l^J ^ILj <^_p^ pjLcujJl Juljl^-^J 

. CjLjJ^IL^aJVI 4-CjL.tjuCJ 
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4 iuiLiJi ^-Ajj <Jj l£A5^ ^JJ^i '^-^9 ^j-* - ^ u^ 3 ^ lt^- a '^ ^ j r^2 pLt-LoJI ^<a A^LLaJI < -jI < ul^=3u jj_<L-uj_<2J! 

0jLjfc ^j_4 *W.?jl3 $-^>*J £)_4 ^ulX) 4_JL3 4 '^>* 3^jJ ^"1 4-C^-mJ 4_tiLiJLj aJlLs-jl^j CjLjj^IL^3J VI <jV Ij^-kajj 

: 4-u^jL-uVI oLjj^U (jLu 
: 4-tiLcuJl (jJlc <\5uLuaX 1 lL^LUSI j^Jj^ Cjlj-Laiw 

cl^-p^ ^2^2 1 j^Ia-cujJI SjLij ^J-^ ^^ Lt^" (J^*-* (jr^^ 7*^X21] Sj^lju (^^j-^jlH j i^=2 U 7Tj^t-4 J < *ajj ~ Z 

. 4j^Lujll4 4-^-4j CjIjIlS c^C-J 
. 4jn^Vl c3lj^>oVI tcjLLl^ (J I L^J-^J J^ 4-SjLuJ! SjLlVl jn^^l) (jr^^l jj.^11 AjiL " 4 
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J_^L>. ^jV tiUjj ^^^pJI (jLUiil ul_u> lt^- ^-foj jTu-Cu-t-u / cLcJj-aJL) 1 $]c j^H^j ^-JLc ^h-°^ ujL% * lt^- 












J 

1 








p.*tr 




.*t™^- 


1 
r 


ttavurtti 












i 









VnM^i.i n 



l-t-0 






-77- 













: A-JLjJI Julj^aJI (jj^Vft ^J^J ^-lJjJI !§_ w ^Wl j /^Uti a Jiirl < uj 

^jjl-x^ £j-jzjj jl-^>J| (3j^ 5-JLc 4 <ni\i jL-$-> cr^'j ( jl mi HI ^j-<-u SjLij ) j^-La-<-ujj| Juj-^ £y* 4j>^jL>J| 

] 
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■ton. *-H( 
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in j 






. Ju^itlLJ! j*j|j_i ~ 
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7c_x^jJ (^JLlJI J^ Mitlj S^j_jlJI £>*>-J jLaall u t^f J} (J^f-^ U "^ 6~^ f_Lt-tl]| frL^jV 4_aj}LJI 



ConaparatoT (s.y 
withouc bdld-off 



Comparator 00 



Comparator (a) 



Outpul 




-- + V 



Sj^IjJI Uf 




Fi^. A 
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. SjwC J-^3 ^_ jL-oil (J-OJ2J (<U-UJ pLt-tToJI I JLA JJ^3J ^-4J>iJ 5-JLc ^^>J 

. ^g sj^^ti j^=3lX\ ^jjIlc. iJL>.tjJt 3jLiMJ A-1JU3JI SjTlIU L3L4J 
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. JLoitU Sj^b (lrj-u ^liil J^ Mitljj ;^nU J^Jla ^^ ^^4 ^ L^Jlajj 
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4^=l3 Juu CjLjJujJI (<u-olj jL^->- 




CjuJujJ! (Q-<-"tj jl^>o ^)-^L>Jl BjJuLJI jJbLga^a 
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*U-JjJI jL^>iJ 4-^L>Jl ( Cj|j(3 r^U ) j^LdJI (J^"*"^ Vj! 
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da j j 1. 1 4juI/! 4.jj_u! 
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a^L-oV! 3 Jui i k> i tiaj ^-^L>. pljJ «J 




^j-^jJI < H j tiaj ^3L>J! T-LuaJL! 
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. jJul^JL! C n alL^a a jj ?*J 7 s '^~J2 SjJLSj! jJul^cj 4»x^L>. Cj I j iqTliuJij I >j 
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Cr x^LUI ^Lj) / J < rnttj 

Jons 
Edward 



Elictronic Instrument and Measurment .2 
using electronic measurement .3 
schlumberger manual 
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1 ^jii^Vlj^LWIjd^jjLI^I^JL^I^wl 

3 ^ii^Vlj^LWIu^ji^^jVlJidill 

8 Resistors , Kinds And testing: LAjLu£!3ji*jl^!3jLuUjL2i! : ^IJiJI <>ail! 

13 : Capacitors uli£ttl : &lLfrl <>aill 

16 Diodes: ulJb^l: jj|jJ!<>aill 

19 : Transistors jjiii^!ittl:^liy!<>ail! 

20 : Transistors jjL<i^!ittl:^liy!<>ail! 

25 : Thirstors andTriac dbJUljjiligjjl^l^^UJIJkaill 

26 3jd^ljJL^jl^:^L£jldJb^)l 

28 djJL^IjJL^jA^bfiiJjVlJkaiJI 

33 jiuA 3> JL4 j JLja* &i\jU\ J^iJ! 

35 3jd^lj^La«ujtSjiJjdSalL^!J*aiJ! 

43 J!jdJIJLJ^jL^:^L^I3Jb^^l 

45 J!jJJ!JJi4Jl4?^3bittJjVlJ«il! 

49 : Aiilim ub^lj JljdJJ JUljIl 3jJua4 Sjib :^Jl^lJidiJI 

52 JljJLJU^jL^u^j^^Jl^lJkaiJI 

54 ^jJlj^jWJ!iJ^ljL^:^l^l3Jb-^l 

56 :2^Lu)l^l^ldj^J:Jj^l ( >aiJ! 

59 : y4JU21( <>(>&V( ^JUlm ^uaJOUe «^ 4H L ^ ( <>a^( 

62 ♦♦^SjJI^LdtAlUJUu^jL^ uJLtf! Jidill 

65 :JL^I j^l^3jJua«5uUA3jJb:jj!jJ! J^ill 

66 : jtfljiVUJUu^j^l^ljl4^u^jJj^:^l^lJ^^I 

- 69 - uUiji)l(^ljjl^:2u^L^I3Jb-^l 

-71 - ^U^I^IjjL^^IJJIu^iUl^^lJkaiJI 

- 82 - : uU^ll(Wjjl^u^jJjt^&)>l*: ^UlJI J*aill 
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^uiJlI! (_y-$-U t_-cjjjui!j ^lail ^-JjlII] 4_dL*J! 4_<_tu_ujJL! jJl^j 
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